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FAIL-SAFE SIGNAL TRANSMITTING 
APPARATUS PRODUCING A LOGICAL 
PRODUCT OF AN INPUT SIGNAL AND A 

CARRIER SIGNAL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a fail-safe signal trans 

mitting apparatus and a constant voltage poWer supply. More 
speci?cally, the present invention relates to a fail-safe signal 
transmitting apparatus Which ensures that no error is gen 
erated in the output transmission signal Which Would alloW 
a dangerous situation to arise, even When a multiple failure 
has occurred in circuits that include the poWer supply and 
that constitute a signal transmitting apparatus. 

2. Discussion of the Background 
In areas such as railWay technology, press control, aircraft 

control technology and nuclear poWer technology Which 
require a high degree of safety, a completely fail-safe signal 
transmitting apparatus, Which operates in support of its 
safety function Without error in the case of a circuit failure 
is absolutely necessary. Fail-safe signal processing technol 
ogy is disclosed in publications such as, US. Pat. No. 
4,661,880, US. Pat. No. 5,027,114, US. Pat. No. 5,345,138, 
Japanese Examined Patent Publication No. 23006/1989 and 
Japanese Examined Patent Publication No. 2948/1993. By 
adopting the technology disclosed in these publications of 
prior art, signal transmission can be fail-safe under limited 
conditions. HoWever, these publications of prior art do not 
disclose a means for securing fail-safe transmission in case 
of a circuit failure in the signal transmitting apparatus 
accompanied by a failure in a constant voltage poWer supply 
that delivers poWer to the signal transmitting apparatus. 

Normally, a commercially available constant voltage 
poWer supply is provided With an eXcess current detector 
and a protection circuit that shuts doWn the output current if 
an eXcess current should be supplied to the load. Such a 
constant voltage poWer supply is provided With a constant 
voltage circuit Which may be a so-called series regulator. 
HoWever, in a constant voltage poWer supply provided With 
an eXcess current protection circuit, there is no provision for 
a failure mode that Will disable the function for cutting off 
eXcess current When there is a failure in the eXcess current 
detection circuit. A fail-safe source monitoring apparatus, 
Which cuts off the output current from the constant voltage 
poWer supply or the output from the processing apparatus 
that uses the output of the source voltage When a failure 
occurs in the eXcess current protecting apparatus, does not 
eXist in the prior art. In addition, a fail-safe source moni 
toring apparatus that cuts off the output if there is a failure 
in the constant voltage poWer supply does not eXist in the 
prior art. 

This means that even When the signal transmitting appa 
ratus itself has a fail-safe circuit structure, the fail-safe 
aspect of the entire signal transmitting apparatus including 
the poWer supply is lost in case of a circuit failure in the 
poWer supply. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
fail-safe signal transmitting apparatus that can only generate 
a transmission output signal When the poWer supply is 
operating normally and, as a result, is fail-safe against 
failures in the poWer supply. 

It is a further object of the present invention to provide a 
signal transmitting apparatus provided With a fail-safe 
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2 
source monitoring function to cut off the output When a 
failure occurs in the poWer supply. 

In order to achieve the objects described above, the 
fail-safe signal transmitting apparatus according to the 
present invention uses a transmission signal and a source 
monitoring signal as input signals and transmits output 
signals that correspond to the transmission signals men 
tioned above. The fail-safe signal transmitting apparatus 
according to the present invention transmits an output signal 
constituted of the logical product of tWo signals, one being 
a signal that indicates that the transmission signal and the 
source monitoring signal are normal, and another being a 
carrier signal Which is used for carrying the transmission 
signal. The output signal is not generated When there is a 
failure. 
When there is no circuit failure in the signal transmitting 

apparatus and a signal indicating that the transmission signal 
and the source monitoring signal are normal is input, the 
logical product of this signal and the carrier signal for 
carrying the transmission signal is taken and the transmis 
sion signal is carried by the carrier signal. 
When there is no failure in the signal transmitting 

apparatus, but a circuit failure has occurred in the poWer 
supply, the signal to indicate that the source monitoring 
signal is normal is not generated. As a result, the logical 
product for carrying the transmission signal is not estab 
lished and the output signal is not generated. Also, in the 
signal transmitting apparatus, an output signal is not gener 
ated at the time of a failure. In summary, the signal trans 
mitting apparatus according to the present invention can 
generate an output signal on the transmission side only When 
the poWer supply is operating normally. 

Preferably, the signal transmitting apparatus according to 
the present invention should include a logical product com 
puting circuit and a sWitch circuit. The logical product 
computing circuit performs logical product calculation of 
the source monitoring signal and the transmission signal and 
does not generate an output signal When there is a failure. 
The sWitch circuit uses the output signal from the logical 
product computing circuit as its source input and is sWitched 
With the carrier signal to generate an output signal for the 
aforementioned transmission. 
The signal transmitting apparatus structured as described 

above does not transmit erroneous output signals even When 
there is a multiple failure, such as a shorting failure betWeen 
the output terminals of the sWitch circuit and a failure in the 
poWer supply. 

It is even more desirable to include a constant voltage 
circuit and a source monitoring circuit in the signal trans 
mitting apparatus according to the present invention. The 
constant voltage circuit is provided With a series regulator, 
Which is supplied With a voltage created by rectifying and 
smoothing an AC source, Which generates a stabiliZed DC 
output voltage. The source monitoring circuit includes a 
level detecting circuit and an ON delay circuit. The level 
detecting circuit uses the voltage being output from the 
series regulator as its source and also uses the voltage being 
input into the series regulator as its monitoring input. It does 
not output a signal When there is a failure. The ON delay 
circuit uses the signal being output from the level detecting 
circuit as its input signal and outputs a signal that becomes 
the source monitoring signal With a delay relative to the rise 
of the voltage being output from the level detecting circuit. 
It does not output a signal at the time of a failure. 
The level detecting circuit and the logical product com 

puting circuit are constituted With fail-safe WindoW com 
parators. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The following is a more detailed explanation of other 
advantages and features of the present invention in reference 
to the attached draWings. 

FIG. 1 is a block diagram shoWing an example of a signal 
transmitting apparatus in the prior art and is provided to 
facilitate better understanding of the present invention; 

FIG. 2 is a block diagram shoWing another example of a 
signal transmitting apparatus in the prior art and is provided 
to facilitate better understanding of the present invention; 

FIG. 3 is a block diagram of the signal transmitting 
apparatus according to the present invention; 

FIG. 4 is a speci?c circuit diagram of the fail-safe WindoW 
comparator used in the signal transmitting apparatus shoWn 
in FIG. 3; 

FIG. 5 is a block diagram shoWing the structure of the 
fail-safe ON delay circuit employed in the signal transmit 
ting apparatus shoWn in FIG. 3; 

FIG. 6 is a time chart provided to illustrate the operation 
of the signal transmitting apparatus shoWn in FIG. 7; 

FIG. 7 is a block diagram of a further speci?c example of 
the signal transmitting apparatus according to the present 
invention; and 

FIG. 8 is a circuit diagram of another embodiment of the 
signal transmitting apparatus according to the present inven 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In order to facilitate better understanding of the present 
invention, a signal transmitting apparatus in the prior art is 
explained before explaining the present invention. FIG. 1 is 
a circuit diagram of a signal transmitting apparatus in the 
prior art. The signal transmitting apparatus shoWn in FIG. 1 
is provided With a poWer supply 1 and a transmitting circuit 
2. 

The poWer supply 1 is provided With a source transformer 
T0 and diodes D1, D2, D3 and D4 Which constitute a 
full-Wave rectifying circuit, a smoothing capacitor C0 and a 
constant voltage circuit SR, Which is normally constituted 
With a series regulator. The constant voltage circuit SR has 
a function to generate the output of the smoothing capacitor 
C0 as a constant source voltage Vcc for the transmitting 
circuit 2. A transistor is Q0, located inside the constant 
voltage circuit SR performs control betWeen the input and 
the output of the constant voltage circuit SR. In a poWer 
supply such as described above, there are potential situations 
in Which the output voltage of the smoothing capacitor C0 
is generated directly as the source voltage Vcc due to a 
shorting failure betWeen the collector and the emitter of the 
transistor Q0, or a pulsating current is output as the source 
voltage Vcc because of a disconnection failure in the lead 
line of the smoothing capacitor C0. 

The transmitting circuit 2 includes a transformer T2 and 
a transistor Q1. The secondary coil of the transformer T2 is 
connected With the primary coil of the transformer T3, 
Which constitutes a receiving circuit, With lines b1 and c1. 
The transistor O1 is sWitched by an alternating signal P1, 
Which is included in an input signal I1 indicating safety, and 
is not sWitched by a signal P0 indicating danger. Since the 
collector of the transistor O1 is connected to the primary coil 
of the transformer T2, When the signal P1 of the input signal 
I1 is being input to the transistor Q1, this alternating signal 
is output at the secondary coil of the transformer T2. When 
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4 
the signal P1 of the input signal I1 is not input, i.e., When the 
signal P0 is being input, no alternating signal is generated in 
the output of the secondary coil of the transformer T2. The 
signal being output from the transformer T2 is supplied to 
the primary coil of the transformer T3 and the alternating 
signals P1, P0, Which correspond to the input signal I1 are 
regenerated as a signal OU1 at the secondary coil of the 
transformer T3. 
NoW, the characteristics of the signal transmitting appa 

ratus shoWn in FIG. 1 at the time of a failure are examined. 
When there is a failure in the transistor Q1, i.e., When there 
is a shorting failure betWeen the collector and the emitter of 
the transistor Q1, When there is a disconnection failure at the 
collector terminal, or When there is a disconnection failure 
at the primary coil or the secondary coil of either one of the 
transformers T2 and T3, the input signal I1 is not regener 
ated as the signal OU1 from the transformer T3. In this 
aspect, the apparatus shoWn in FIG. 1 is fail-safe. HoWever, 
if after there has been a shorting failure betWeen the col 
lector and the emitter of the transistor Q1, there is also a 
disconnection failure in the smoothing capacitor C0 of the 
poWer supply that generates the source voltage Vcc and 
noise enters via the source transformer T0, the noise is 
applied to the transformer T2 via the series regulator. Such 
noise includes noise With great amplitude that is generated 
in an external invertor source, for instance. This noise Will 
be communicated to the transformer T2 and is generated as 
an erroneous alternating signal output OU1. Thus, the appa 
ratus shoWn in FIG. 1 has a problem in that, if there is a 
shorting failure in the transistor Q1 and there is also a failure 
in the poWer supply that supplies the source poWer to the 
transmitting circuit, it is directly exposed to the noise 
entering from the source. 

FIG. 2 is a circuit diagram of another signal transmitting 
apparatus in the prior art. This apparatus is provided With an 
optically coupled element P11 as a means for transmitting 
signals to the transfer lines b2 and c2. The input signal I1 to 
be transmitted is constituted With the signals P1 and P0 as in 
the case of the prior art apparatus shoWn in FIG. 1. The 
signal PI is applied to the base of the transistor O1 in the 
same manner as in the prior art apparatus shoWn in FIG. 1 
and With this, a light emitting element PT1 of the optically 
coupled element P11 is sWitched. A resistor R1 is a current 
decreasing resistor and Vcc is the source voltage supplied 
from the poWer supply 1. The signal that is sWitched at the 
transistor O1 is communicated to a light receiving element 
PD1 via the optically coupled element PI1. The source on 
the receiving side is applied to this light receiving element 
PD1 via the current decreasing resistor (not shoWn) and the 
light emitting element on the receiving side. When the light 
receiving element PD1 on the transmitting side is sWitched 
by the light emitting element PT1, the current that runs 
through the light emitting element on the light receiving side 
(not shoWn) is sWitched. 

Next, the operation of the signal transmitting apparatus 
shoWn in FIG. 2 at the time of a failure is explained. The 
failure modes include, for instance, a shorting failure 
betWeen the collector and the emitter of the transistor Q1, a 
disconnection failure of the collector of the transistor Q1, a 
disconnection failure of the resistor R1 and a disconnection 
failure of the light emitting element PT1 or the light receiv 
ing element PD1. When one of these failures has occurred, 
a sWitch signal is not generated from the light receiving 
element PD1. Also, When there is a shorting failure in the 
light emitting element PT1, the light emitting element PT1 
does not emit light and therefore, the light receiving element 
PD1 is not sWitched. When there is a shorting failure in the 
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light receiving element PD1, too, the light receiving element 
PD1 does not undergo the switching operation. Thus, the 
signal transmitting apparatus shoWn in FIG. 2 is fail-safe in 
this aspect. 

However, if a disconnection failure occurs in the smooth 
ing capacitor C0 of the poWer supply 1 in a state in Which 
a shorting failure has occurred betWeen the collector and the 
emitter of the transistor Q1, noise entering from the source 
transformer T0 is applied to the light emitting element PT1. 
Thus, With the signal transmitting apparatus in FIG. 2, there 
is the danger of an erroneous output signal being generated 
When failures have occurred in the apparatus itself as Well as 
in the poWer supply 1. 

Re?ecting the problems of the prior art described above, 
the present invention, by monitoring for failures in the 
poWer supply, ensures that the transmission-side output 
signal may be generated only When the poWer supply is 
operating normally. 

FIG. 3 is a block diagram shoWing the structure of the 
signal transmitting apparatus according to the present inven 
tion. The signal transmitting apparatus in the ?gure includes 
a poWer supply 11, a source monitoring circuit 12 and a 
transmitting circuit 13. Reference number 14 indicates a 
signal generating source that generates signals to be trans 
mitted. 

The AC source (commercial source) Which is stepped 
doWn by a source transformer Trs included in the poWer 
supply 11 is then recti?ed in a full-Wave rectifying circuit 
constituted of the diodes Ds1 to Ds4 and then smoothed in 
a smoothing capacitor Cs1. The recti?ed voltage Vrec, 
Which has been smoothed, is converted into a constant 
source voltage Vcc for the transmitting signal at a constant 
voltage circuit SR. FIG. 3 shoWs the simplest eXample of the 
constant voltage circuit SR, in Which an electrical current is 
supplied to a constant voltage diode ZD via a current 
decreasing resistor R0 from the collector of a transistor Qs 
and the voltage betWeen the terminals of the constant 
voltage diode ZD is applied betWeen the base and the emitter 
of the transistor Qs. Such a series regulator is the most 
commonly knoWn type. 

The source monitoring circuit 12 is provided With a 
fail-safe level detecting circuit 15 and a fail-safe ON delay 
circuit 16. The fail-safe level detecting circuit 15 uses the 
source voltage Vcc being output from the constant voltage 
circuit SR as a source potential to perform level detecting of 
the DC voltage Vrec being input into the constant voltage 
circuit SR. In the present invention, the fail-safe level 
detecting circuit 15 is constituted With a fail-safe WindoW 
comparator. Such a WindoW comparator is already knoWn, 
disclosed in US. Pat. No. 4,661,880 and US. Pat. No. 
5,027,114. 

FIG. 4 shoWs an eXample of a WindoW comparator 
described above. The WindoW comparator in the ?gure is 
provided With a feedback oscillating circuit 150. The feed 
back oscillating circuit 150, in turn, includes a DC ampli 
fying circuit 151 and a DC amplifying circuit 152. The DC 
amplifying circuit 151 comprises transistors Q31, Q32 and 
Q33 and the DC amplifying circuit 152 comprises transistors 
Q35, Q36 and Q38. A transistor Q34 and a resistor R39, 
Which constitute an invertor, are connected betWeen the DC 
amplifying circuit 151 and the DC amplifying circuit 152. 
The DC amplifying circuit 151 and the DC amplifying 
circuit 152 are linked via the invertor Which is constituted 
With the transistor Q34 and the resistor R39, resistors R38 
and R40 and a feedback resistor Rf to constitute a feedback 
oscillating circuit 150. With the source voltage at Vcc and 
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6 
the input voltages at the input terminals T1 and T2 referred 
to as V1 and V2 respectively, this feedback oscillating 
circuit 150 oscillates When the input voltages V1 and V2 at 
the input terminals T1 and T2 satisfy the folloWing condi 
tions: 

(2). 

The feedback oscillating circuit 150 described above 
oscillates only When the input voltage V1 at the input 
terminal T1 and the input voltage V2 at the input terminal T2 
satisfy the conditions (1) and (2) above respectively. 

In addition, since oscillation cannot be performed if there 
is a failure in any one of the transistors Q31 to Q41 that 
constitute the feedback oscillating circuit 150, or if there is 
a disconnection failure in a resistor, it ful?lls a function as 
a fail-safe AND gate. 

In addition, in the folloWing conditions Which are 
obtained based upon conditions (1) and (2), 

(4); 

the input voltage V1 in condition (3) indicates the loWer 
limit threshold value that should be applied to the input 
terminal T1 in order for the feedback oscillating circuit 150 
to oscillate. Hereafter, the loWer limit threshold value of the 
input voltage V1 that must be applied to the input terminal 
T1 Will be indicated as TL1. LikeWise, the input voltage V2 
in condition (4) represents the loWer limit threshold value 
that must be applied to the input terminal T2 in order for the 
feedback oscillating circuit 150 to oscillate. Hereafter, the 
loWer limit threshold value that must be applied to the input 
terminal T2 Will be indicated as TL2. 

Next, in the folloWing conditions Which are obtained 
based upon conditions (1) and (2), 

(6); 

the input voltage V1 in condition (5) indicates the upper 
limit threshold value that must be applied to the input 
terminal T1 in order for the feedback oscillating circuit 150 
to oscillate. Hereafter, the upper limit threshold value of the 
input voltage V1 that must be applied to the input terminal 
T1 Will be indicated as TH1. LikeWise, the input voltage V2 
in condition (6) represents the upper limit threshold value 
that must be applied to the input terminal T2 in order for the 
feedback oscillating circuit 150 to oscillate. Hereafter, the 
upper limit threshold value that must be applied to the input 
terminal T2 Will be indicated as TH2. Note that the threshold 
values TL1, TL2, TH1, TH2 described above are potentials 
that are higher than the source potential Vcc ( TL1, TL2, 
TH1 and TH2>Vcc). 
The WindoW comparator shoWn in FIG. 4 further includes 

an amplifying circuit 153 and a voltage doubler rectifying 
circuit 154. The amplifying circuit 152 ampli?es the signal 
being output from the transistor Q38 Which is included in the 
feedback oscillating circuit 150. The amplifying circuit 153 
in the ?gure includes diodes D31 and D32, resistors R48, 
R49 and R50 and transistors Q39, Q40 and Q41 and 
performs ON/OFF operation With the oscillation of the 
transistors Q39, Q40 and Q41. The voltage doubler rectify 
ing circuit 154 includes capacitors C31 and C32 and diodes 
D33 and D34. 
When the feedback oscillating circuit 150 oscillates, the 

transistor Q38 is sWitched. During this sWitching operation, 



5,867,775 
7 

When the transistor Q38 enters the ON state, the transistor 
Q39 shifts to the OFF state and, With this, the input potential 
of the voltage doubler rectifying circuit 154 becomes 
approximately equal to the source potential. When the 
transistor Q38 enters the OFF state, the transistor Q39 shifts 
to the ON state and, With this, the input potential of the 
voltage doubler rectifying circuit 154 becomes a ground 
potential (0 level). The capacitor C31 and the diode D33 
cause the change in the input potential of the voltage doubler 
rectifying circuit 154 to be clamped by the source potential 
Vcc and recti?ed and smoothed by the diode D34 and the 
capacitor C32. The capacitor C32 is shoWn as a 4-terminal 
capacitor. This 4-terminal capacitor is a capacitor of the 
prior art that is often used because of its structure, Which 
does not alloW the generation of output signals When a 
disconnection failure occurs in a lead line. If a regular 
capacitor other than a 4-terminal capacitor is used for the 
capacitor C32, the signal being output from the diode D34 
(in other Words, the sWitch signal of the ampli?er 153) is 
clamped by the source potential Vcc and is output When a 
disconnection failure has occurred in a lead line of the 
capacitor. HoWever, even When this happens, the AC signal 
output from the diode D34 is not erroneously generated 
unless the tWo input signals of the feedback oscillating 
circuit 150 satisfy the requirements expressed in conditions 
(1) and In particular, if the output signal from the 
WindoW comparator is input to the fail-safe ON delay circuit 
16, to be explained later, as shoWn in FIG. 3, the capacitor 
does not necessarily have to be a 4-terminal capacitor. 

Referring back to FIG. 3, the level detecting circuit 15, 
Which is constituted With a fail-safe WindoW comparator, 
performs level detecting for the recti?ed voltage Vrec to the 
constant voltage circuit SR Which is included in the poWer 
supply 11. The level detecting circuit 15 generates a level 
detecting output signal y1 if the recti?ed voltage Vrec is 
higher than a speci?c level (assuming that the upper limit 
threshold values TH1 and TH2 are high enough). In an 
embodiment in Which the level detecting circuit 15 is 
constituted With a fail-safe WindoW comparator, if the rec 
ti?ed voltage Vrec is higher than the loWer limit threshold 
values TL1 and TL2 of the fail-safe WindoW comparator, the 
fail-safe WindoW comparator oscillates and then a recti?ed 
output voltage is generated from the voltage doubler 
rectifying circuit 154 (see FIG. 4). In the case of the 
embodiment shoWn in FIG. 3, the loWer limit threshold 
value TL1 at the input terminal T1 and the loWer limit 
threshold value TL2 at the input terminal T2 are equal to 
each other and the input terminal T1 and the input terminal 
T2 (see FIG. 4) of the fail-safe WindoW comparator are 
connected commonly, to function as a single input terminal. 

The fail-safe ON delay circuit 16 is a delay circuit in 
Which a source monitoring signal y2 rises With a speci?c 
delay period after the rise of the level detecting signal y1 
output from the level detecting circuit 15, Which is consti 
tuted With a fail-safe WindoW comparator. Fail-safe ON 
delay circuits are disclosed in Japanese Examined Patent 
Publication No. 23006/1989 and US. Pat. No. 5,027,114. 
The fail-safe ON delay circuit disclosed in Japanese Exam 
ined Patent Publication No. 23006/1989 employs a UJT 
(unijunction transistor) oscillating circuit while US. Pat. 
No. 5,027,114 discloses an ON delay circuit that employs a 
CR circuit. 

FIG. 5 shoWs an example of a fail-safe ON delay circuit 
that employs a PUT (programmable unijunction transistor) 
oscillating circuit. This fail-safe ON delay circuit is, in 
principle, identical to the one disclosed in Japanese Exam 
ined Patent Publication No. 23006/1989 described above. 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
The fail-safe ON delay circuit shoWn in FIG. 5 is provided 
With a PUT oscillating circuit 161, a fail-safe WindoW 
comparator 162 and rectifying circuits 163 and 164. 
The PUT oscillating circuit 161 is an oscillating circuit in 

the knoWn art in Which, When a signal Whose potential 
is higher than the source potential Vcc is input as a signal y1, 
a pulse PU is output after a speci?c length of time, Which is 
determined by the ratio of divided voltages of the resistors 
Ra and Rb, and the time constant of the resistor RT and the 
capacitor CT has elapsed. 
The WindoW comparator 162 is identical to the one shoWn 

in FIG. 3. Since the signal y1 is also input to the input 
terminal T2 of the WindoW comparator, When a signal y1, 
Which is higher than the loWer limit threshold value TL2 at 
the input terminal T2, is input, the output pulse PU, Which 
corresponds to the delay time in the PUT oscillating circuit 
161, is input to the input terminal T1 of the WindoW 
comparator from the PUT oscillating circuit 161. This output 
pulse PU is at a higher level than the loWer limit threshold 
value TL1 at the input terminal T1 of the WindoW compara 
tor 162. Thus, the WindoW comparator 162 oscillates. Since 
the signal being output from the rectifying circuit 164 that 
results from this oscillation is fed back to the input terminal 
T1 via a resistor Rf1, a self-holding operation is performed, 
Whereby the input voltage is continuously applied to the 
input terminal T1 even When the output pulse PU of the PUT 
oscillating circuit 161 becomes extinct. Then, only When the 
signal y1 becomes loWer than the loWer limit threshold value 
at the input terminal T2, does the source monitoring signal 
y2 become extinct. The PUT oscillating circuit 161 shoWn in 
FIG. 5 has a characteristic such that, if there is a discon 
nection failure in any of the resistors Ra, Rb and RT, Which 
constitute the circuit, a disconnection or shorting failure 
occurs in the capacitor CT or a failure occurs in the PUT, 
oscillation cannot be performed (the output pulse PU is not 
generated). Note that the upper limit threshold values (TH1, 
TH2) of the WindoW comparator employed to constitute the 
ON delay circuit 16 in FIG. 5 are set at suf?ciently high 
levels and the threshold values of the WindoW comparator 
are set in such a manner that, if a voltage higher than the 
loWer limit threshold value (TL1, TL2) is input, oscillation 
is performed. 
The rectifying circuits 163 and 164 are structured almost 

identically to the rectifying circuit 154 shoWn in FIG. 3. The 
signal being output from the rectifying circuit 164 is fed 
back to the input terminal T1 via the feedback resistor Rf1 
to constitute a self-holding circuit. A holding circuit that 
employs a WindoW comparator in this manner is also dis 
closed in US. Pat. No. 5,027,114. 

Referring back to FIG. 3. again, the signal transmitting 
circuit 13 uses the transmission signal x1 and the source 
monitoring signal y2 as input signals and transmits a signal 
that corresponds to the transmission signal x1. The signal 
transmitting circuit 13 transmits the logical product signal of 
the signal indicating that the transmission signal x1 and the 
source monitoring signal y2 are normal and a carrier signal 
x2 for carrying the transmission signal. At the time of a 
failure, the output signal is not generated. To be more 
speci?c, the signal transmitting circuit 13 includes a logical 
product computing circuit 17 and a sWitch circuit 18. The 
logical product computing circuit 17 performs the logical 
product calculation to calculate the logical product of the 
source monitoring signal y2 and the transmission signal x1. 
The logical product computing circuit 17 is structured as a 
circuit that does not output a signal at the time of a failure. 
Such a logical product computing circuit 17 may be 
achieved With the fail-safe WindoW comparator shoWn in 
FIG. 4. 
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The switch circuit 18 uses the signal being output from the 
logical product computing circuit 17 as a source, is sWitched 
by the carrier signal x2 and generates an output signal for 
transmission. 

Next, in reference to the time chart in FIG. 6, the circuit 
operation of the signal transmitting apparatus shoWn in FIG. 
3 is explained. 

The loWer limit threshold value TL (TL1=TL2) of the 
fail-safe WindoW comparator that constitutes the level 
detecting circuit 15 is set betWeen the recti?ed voltage Vrec 
being output from the full-Wave rectifying circuit, Which is 
constituted With the diodes Ds1 to Ds4 under normal 
conditions, and the voltage Vcc being output from the series 
regulator. As a result, When the voltage Vrec being output 
from the full-Wave rectifying circuit is normal, and the 
constant voltage circuit SR is operating normally, the fail 
safe WindoW comparator, Which constitutes the level detect 
ing circuit 15, oscillates, Which, in turn, generates a recti?ed 
output voltage as the output signal y1. (see FIG. 4) The 
fail-safe ON delay circuit 16, too, generates a voltage Which 
is equal to the recti?ed output voltage (E), as the source 
monitoring signal y2 (see FIG. 4). 
NoW, consider a hypothetical situation in Which a discon 

nection failure has occurred in a lead line of the smoothing 
capacitor Cs1, Which constitutes the poWer supply 11, and 
this disconnection failure has been restored to normal. Such 
a failure seldom occurs in reality, but this hypothesis is 
considered here in order to facilitate the explanation of the 
operation of the signal transmitting apparatus in FIG. 3. FIG. 
6, time chart (1) shoWs the Waveform being output from the 
full-Wave rectifying circuit in this situation. Next, referring 
to time chart (1), the period in Which a pulsating current, due 
to the disconnection of the lead line of the smoothing 
capacitor Cs1, is generated Will be considered. Time chart 
(2) shoWs the Waveform of the voltage being output from the 
constant voltage circuit SR and, When the voltage Vrec being 
input into the constant voltage circuit SR is smaller than the 
source voltage potential Vcc, the voltage being output from 
the constant voltage circuit SR conforms to the Waveform 
being output from the full-Wave rectifying circuit. The loWer 
limit threshold value TL (TL1=TL2) of the fail-safe WindoW 
comparator, Which constitutes the level detecting circuit 15, 
is set higher than the voltage Vcc being output from the 
constant voltage circuit SR. Because of this, When the 
voltage being input into the constant voltage circuit SR starts 
to decrease, the voltage being output from the constant 
voltage circuit SR still maintains the potential of the con 
stant voltage Vcc, but When the voltage Vrec becomes loWer 
than the threshold value TL, the fail-safe WindoW 
comparator, Which constitutes the level detecting circuit 15, 
Will have already stopped oscillating, thus the signal y1 (the 
recti?ed output voltage becoming extinct. Since the 
signal y1 is clamped by the source potential Vcc (see FIG. 
4), When the voltage being output from the constant voltage 
circuit SR becomes reduced, the signal y1 also becomes 
reduced in conformance. This operation is shoWn in time 
chart 
When the fail-safe WindoW comparator that constitutes 

the level detecting circuit 15 stops oscillating, thus setting 
the signal y1 to loW, the source monitoring signal y2 of the 
fail-safe ON delay circuit 16 is also set to loW. Moreover, 
since the fail-safe WindoW comparator constituting the level 
detecting circuit 15 is set to high only during the period of 
time in Which the Waveform being output from the full-Wave 
rectifying circuit exceeds the threshold value TL, if the rise 
delay time (ToN) of the fail-safe ON delay circuit 16 is 
longer than this time period T, the source monitoring signal 
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10 
y2 generated from the fail-safe ON delay circuit 16 does not 
generate the output voltage (E), the level of Which is higher 
than the source potential Vcc While there is a disconnection 
failure in the lead line of the capacitor Cs1. Thus, the source 
monitoring signal y2 becomes a signal at the level (E), 
Which is higher than the source potential Vcc, only When the 
delay time ToN of the fail-safe ON delay circuit 16 has 
elapsed after recovery from the disconnection failure in the 
lead line of the capacitor Cs1, as shoWn in time chart 
NoW, in the circuit shoWn in FIG. 3, When a disconnection 

failure occurs in at least one of the diodes Ds1 to Ds4 
constituting the full-Wave rectifying circuit and the voltage 
Vrec being input into the constant voltage circuit SR 
becomes equal to or less than the threshold value TL by an 
increase Which is equivalent to a ripple, for instance, the 
source monitoring signal y2 of the fail-safe ON delay circuit 
16 does not generate an output voltage Whose level is higher 
than that of the source potential Vcc. Also, When there is a 
shorting failure betWeen the input and the output of the 
constant voltage circuit SR (shorting betWeen the collector 
and the emitter of the transistor Qs in FIG. 3), too, a voltage 
that is equal to the source voltage is input to both the input 
terminals T1 and T2 of the fail-safe WindoW comparator 
constituting the level detecting circuit 15 and, as a result, the 
fail-safe WindoW comparator cannot perform oscillation. 
Consequently, the source monitoring signal y2 does not 
become an output voltage Whose level is higher than the 
source potential. In this case, the source potential becomes 
the voltage Vrec being input into the constant voltage circuit 
SR. 
When there is no circuit failure in the signal transmitting 

circuit 13 and a signal Which indicates that the transmission 
signal x1 and the source monitoring signal y2 are normal is 
input to the logical product computing circuit 17, the logical 
product of this signal and the carrier signal x2 for carrying 
the transmission signal x1 is taken into the sWitch circuit 18 
and the transmission signal x1 is carried by the carrier signal 
x2. 

In the event that, While there is no failure in the signal 
transmitting circuit 13, a circuit failure such as described 
earlier has occurred in the poWer supply 11, no signal 
indicating that the source monitoring signal y2 is normal is 
generated. Consequently, the logical product for carrying the 
transmission signal x1 is not established and, thus, an output 
signal Z is not generated. Moreover, the output signal Z is not 
generated in the signal transmitting circuit 13 at the time of 
a failure. In summary, the signal transmitting circuit 13 
according to the present invention can generate the output 
signal Z only When the poWer supply 11 is operating nor 
mally. 

In addition, even When a multiple failure occurs, such as 
a shorting failure betWeen the output terminals of the sWitch 
circuit 18 together With a failure in the poWer supply 11, an 
output signal Z is not erroneously transmitted. 

FIG. 7 shoWs a more speci?c embodiment of the fail-safe 
signal transmitting apparatus according to the present inven 
tion. In FIG. 7, the logical product computing circuit 17 
includes a fail-safe WindoW comparator 171 and a rectifying 
circuit 172. The fail-safe WindoW comparator 171 and the 
rectifying circuit 172 that constitute the logical product 
computing circuit 17 may be the same as those shoWn in 
FIG. 4. The source monitoring signal y2 of the failure 
monitoring circuit of the poWer supply in the transmitting 
circuit is input to the input terminal T1 of the fail-safe 
WindoW comparator 171 and the signal x1 to be transmitted 
is input to the input terminal T2. The input signal y2 at the 
input terminal T1 is a failure monitoring output signal in the 
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power supply 11 of the transmitting circuit and corresponds 
to the source monitoring signal y2 being output from the 
fail-safe ON delay circuit 16, in FIG. 3. The input signal X1 
at the input terminal T2 is a signal that contains the signal 
(information) to be transmitted and a signal that is being 
output from a signal generating source 14 constituted With 
an optical sensor in the eXample shoWn in FIG. 7. 

The signal generating source 14 includes an optical 
sensor, for instance, as a fail-safe sensor. Such a sensor is 
disclosed in Us. Pat. No. 5,345,138. The signal generating 
source 14 is constituted With a light proj ector 141 and a light 
receiver 142. An AC light that is output from the light 
projector 141 as an optical beam PB undergoes optical/ 
electrical signal conversion and is ampli?ed by the light 
receiving element. It is then recti?ed in the voltage doubler 
rectifying circuit, Which is constituted With the capacitors 
C11, C12 and the diodes D11, D12 and this then becomes a 
DC signal. 

Since the voltage doubler rectifying circuit is constituted 
in such a manner that the input signal is clamped by the 
source potential Vcc, When the AC output signal of the light 
receiver 142 is generated, an output voltage Whose potential 
is higher than the source potential Vcc is supplied to the 
input terminal T2 of the WindoW comparator. The signal 
generating source 14 indicates danger When the optical beam 
PB is blocked and indicates safety When it is not blocked, 
While monitoring the danger area. As a result, it indicates 
safety When an AC output signal is generated at the light 
receiver 142 and a DC signal of the voltage doubler recti 
fying circuit constituted With the capacitors C11 and C12 
and the diodes D11 and D12 is applied to the input terminal 
T2, and it indicates danger When a DC signal Whose level is 
higher than that of the source potential Vcc is not applied to 
the input terminal T2 in a state in Which an AC output signal 
is not being generated in the light receiver 142. 

The sWitch circuit 18 includes a transistor Q12 Whose 
base is driven by a carrier signal generator 19 and an 
optically coupled element PI11, Which is connected to the 
collector of the transistor Q12. The collector of the transistor 
Q12 in the sWitch circuit 18 is led to the output terminal of 
the logical product computing circuit 17 via the optically 
coupled element PI11; a current decreasing resistor R11 and 
the voltage doubler rectifying circuit 172, so that the sWitch 
circuit 18 operates using the output from the logical product 
computing circuit 17 as its poWer source. 

The logical product computing circuit 17, Which includes 
a WindoW comparator, performs level detecting to determine 
Whether or not the upper limit threshold values TH1 and 
TH2 are suf?ciently high and also Whether or not voltages 
Whose levels are higher than the source potential Vcc are 
being input to the input terminals T1 and T2 for the loWer 
limit threshold values TL1 and TL2 respectively. When 
voltages that are higher than the threshold values TL1 and 
TL2 are input to the input terminals T1 and T2 respectively, 
the logical product computing circuit 17 supplies an output 
signal for oscillation to the rectifying circuit 172 (the logical 
product computing circuit 17 operates as an AND gate). The 
signi?cance of the WindoW comparator 171 operating as an 
AND gate is that, provided that the poWer supply 11 is 
operating normally, the output signal X1 from the optical 
sensor is sent to the rectifying circuit 172 via the WindoW 
comparator 171 to generate an output from the rectifying 
circuit 172. 

The transistor Q12 is sWitched by the signal being output 
from the carrier signal generator 19, using the recti?ed 
voltage of the rectifying circuit 172 for the poWer source. 
The collector of the transistor Q12 is connected to the 
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capacitor Q14 via the current decreasing resistor R11 and a 
light emitting element PT12 of the optically coupled element 
PI11 so that the voltage being output from the voltage 
doubler rectifying circuit 172 is used as a source voltage. 
The emitter of the transistor Q12 is connected to the source 
potential Vcc in the transmitting circuit. Thus, the base of 
the transistor Q12 must have a higher input level than the 
source potential Vcc. The signal X2 being output from the 
carrier signal generator 19 is clamped by the source potential 
Vcc With the capacitor C15 and the diode D15, and it 
becomes a base input signal at the transistor Q12 via a 
current decreasing resistor R13. The resistor R12 is a leak 
resistor of the transistor Q12. The electrical current, Which 
is sWitched by the transistor Q12, turns ON/OFF the light 
emission of the light emitting element PT12 in the optically 
coupled element PI11 and also turns ON/OFF a light receiv 
ing element PD12. 

In the structure shoWn in FIG. 7, the current that runs 
through the light emitting element PT12 in the optically 
coupled element PI11 is supplied from the voltage doubler 
rectifying circuit 172 and unless a recti?ed output voltage 
(E) that is higher than the source potential Vcc is generated 
in the voltage doubler rectifying circuit 172, the light 
emitting element PT12 does not emit light. In other Words, 
the light emitting element PT12 sends an optical sWitch 
signal to the light receiving element PD12 When both the 
signal being output from the voltage doubler rectifying 
circuit 172 and the signal being output from the carrier 
signal generator 19 are input to the transistor Q12, and the 
signal being output from the light emitting element PT12 is 
generated by the logical product of the signal being output 
from the voltage doubler rectifying circuit 172 and the signal 
X2 being output from the carrier signal generator 19. Even 
if a shorting failure occurs betWeen the collector and the 
base of the transistor Q12 and, in probability resulting in a 
state in Which the light emitting element PT12 is directly 
driven by the carrier signal generator 19 via the resistor R13, 
the light emitting element PT12 does not generate light 
emission output because the resistance value in the resistor 
R13 is high. This means that the light emitting element PT12 
generates an AC light output signal only When the transistor 
Q12 is operating normally and a voltage that is higher than 
the source potential Vcc is supplied from the voltage doubler 
rectifying circuit 172. It goes Without saying that When there 
is a failure in the light emitting element PT12 or the light 
receiving element PD12, too, no AC signal emerges at the 
output terminals U1 and U2. 

In reference to FIG. 7, a voltage Whose level is higher than 
the source potential Vcc is output from the voltage doubler 
rectifying circuit 172 When all of the folloWing conditions 
are satis?ed; (a) When the signal y2, Which indicates that the 
poWer supply is operating normally, is being output from the 
fail-safe ON delay circuit 16 performing source monitoring, 
(b) a signal P1, Which indicates safety is received from the 
light receiver 142 of the optical sensor, (c) this received 
signal P1 is recti?ed in the voltage double rectifying circuit 
constituted With the diodes D11 and D12 and the capacitors 
C11 and C12, and (d) the recti?ed signal is input to the input 
terminal T2 of the fail-safe WindoW comparator 171 consti 
tuting the logical product computing circuit 17. In the above 
process, the signal X1 at the input terminal T2 of the fail-safe 
WindoW comparator 171 contains a signal (information) 
Which is the purpose of transmission of the transmitting 
circuit shoWn in FIG. 7. The transmitting circuit shoWn in 
FIG. 7, Which is constituted With the fail-safe WindoW 
comparator 171, a current decreasing resistor R11, the light 
emitting element PT12 and the sWitch element Q12 consti 
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tuted of a transistor, outputs a logical product signal from the 
light emitting element PT12 constituted of the logical prod 
uct of the folloWing three input signals: i.e., the monitoring 
signal y2 from the poWer supply that is input to the input 
terminal T1, the signal X1, Which is used as the transmission 
signal and is input to the input terminal T2 and the carrier 
signal X2, Which is input to the base of the transistor Q12. If 
any one of these three signals is not input, or if there is a 
failure in the circuit, the output from the light emitting 
element PT12 is not generated in this circuit. 
NoW, a case is eXamined in Which a failure occurs in the 

poWer supply. 
In the signal transmitting apparatus shoWn in FIG. 7, 

When a failure occurs in the poWer supply 11 shoWn in FIG. 
3, the fail-safe ON delay circuit 16 does not output the signal 
y2 at a high level voltage during a speci?c length of 
delay time ToN, even if the source voltage in the transmit 
ting circuit recovers from a loW level state to a speci?c 
constant voltage Vcc. Consequently, since the voltage at the 
input terminal T1 of the fail-safe WindoW comparator 171 
remains at loW even if the constant voltage Vcc temporarily 
recovers to a normal voltage having the Waveform shoWn in 
time chart (1) in FIG. 6, the fail-safe WindoW comparator 
171 does not oscillate. In addition, if a shorting failure 
occurs betWeen the input and the output of the constant 
voltage circuit SR shoWn in FIG. 3, the constant voltage Vcc 
at each of the blocks constituting the transmitting circuit 
becomes the voltage Vrec being input into the series regu 
lator. In other Words, While the source potential Vcc in FIG. 
6 increases to the level of the voltage Vrec, the input signal 
at the input terminal T1 of the fail-safe WindoW comparator 
171, too, requires an input voltage that is higher than this 
neW source potential Vrec, and a voltage higher than this 
source voltage Vrec is required for the source voltage of the 
transistor Q12 (the voltage that should be generated in the 
rectifying circuit 172). Thus, since a level that is higher than 
that of the source voltage Vrec is not generated in the 
fail-safe ON delay circuit 16 in FIG. 3, no signal is generated 
in the light emitting element PT12. 

While FIG. 7 shoWs an example in Which an optically 
coupled element is used as a means for transmission, it is 
obvious that the same advantages can be achieved using a 
transformer instead of the optically coupled element. 

FIG. 8 shoWs an eXample in Which an optically coupled 
element PI22 is employed to replace the coupling of the base 
of the transistor Q12 and the signal X2 being output from the 
carrier signal generator 19 in FIG. 7. In FIG. 8, the signal X2 
being output from the carrier signal generator 19 is input to 
a light emitting element PT22 of the optically coupled 
element PI22, the optical output of the light emitting element 
PT12 is sWitched by the signal X1 being output from the 
carrier signal generator 19 by using a transistor Q13, and the 
electrical current running through the light emitting element 
PT22 is thereby sWitched. With this, the light emitting 
element PT12 of the optically coupled element PI11 is 
sWitched and the transmission output signal is generated. 
With the transmitting circuit shoWn in FIG. 8, the concern 
about the error of the carrier signal X2 being directly output 
due to shorting betWeen the collector and the base of the 
transistor Q12 shoWn in FIG. 7 is totally eliminated. 

According to the present invention, a fail-safe signal 
transmitting apparatus Which does not generate an erroneous 
transmission signal that could result in a dangerous 
situation, even When a multiple failure, including a failure in 
the source, has occurred and, as a result, is eXtremely 
effective in a communication system that is required to 
provide a high degree of safety. 
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We claim: 
1. A fail-safe signal transmitting apparatus comprising: 
a logical product computing circuit; 
a sWitch circuit; 

a transmission signal and a source monitoring signal as 
input signals; 

an output signal corresponding to said transmission signal 
and constituted of a logical product of a signal indi 
cating that said transmission signal and said source 
monitoring signal are normal and a carrier signal for 
carrying said transmission signal is transmitted and said 
output signal is not transmitted at a time When said 
monitoring signal and said transmission signal are not 
normal; 

Wherein said logical product computing circuit performs 
logical product calculation for said source monitoring 
signal and said transmission signal and does not gen 
erate an output signal in the event that either signal is 
abnormal; and 

said sWitch circuit using said output signal of said logical 
product computing circuit as a source input, said sWitch 
circuit being sWitched by said carrier signal and gen 
erating said output signal. 

2. A fail-safe signal transmitting apparatus according to 
claim 1, Wherein; 

said sWitch circuit includes an optically coupled element. 
3. A fail-safe signal transmitting apparatus according to 

claim 1 further comprising: 
a voltage stabiliZing circuit Which includes a series regu 

lator With an input voltage obtained by rectifying and 
smoothing an AC source supplied to said series regu 
lator to generate a stabiliZed DC output voltage; 

a source monitoring circuit Which is provided With a level 
detecting circuit and an ON delay circuit; 

said level detecting circuit does not generate an output 
signal in the event of a failure, using an output voltage 
of said series regulator as poWer source and an input 
voltage of said series regulator as a monitoring input; 
and 

said ON delay circuit is a circuit that uses an output signal 
of said level detecting circuit as an input signal to 
generate an output signal that becomes said source 
monitoring signal With a delay relative to the rise of an 
output voltage from said level detecting circuit, While 
said output signal is not generated in the event of 
failure. 

4. A fail-safe signal transmitting apparatus according to 
claim 3, Wherein: 

said sWitch circuit includes an optically coupled element. 
5. A fail-safe signal transmitting apparatus according to 

claim 3, Wherein; 
said level detecting circuit and said logical product com 

puting circuit each include a fail-safe WindoW com 
parator. 

6. A fail-safe signal transmitting apparatus according to 
claim 5, Wherein: 

said sWitch circuit includes an optically coupled element. 
7. A poWer supply provided With a voltage stabiliZing 

circuit and a source monitoring circuit, Wherein: 
said voltage stabiliZing circuit includes a series regulator 

With a DC input voltage supplied to said series regu 
lator to generate a stabiliZed DC output voltage; 

said source monitoring circuit is provided With a level 
detecting circuit and an ON delay circuit; 
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said level detecting circuit does not generate an output 
signal in the event of a failure, using an output voltage 
of said series regulator as a poWer source and an input 

voltage of said series regulator as a monitoring input; 
and 

said ON delay circuit is a circuit that uses an output signal 
of said level detecting circuit as an input signal to 
generate an output signal With a delay relative to the 

16 
rise of an output voltage of said level detecting circuit, 
While said output signal is not generated in the event of 
a failure. 

8. A poWer supply according to claim 7, Wherein; 
said level detecting circuit is constituted of a fail-safe 
WindoW cornparator and a carrier signal is used as a 
transmission signal. 


